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CORONAVIRUS DISEASE 2019 (COVID-19): A RHEUMATOLOGIST’S THOUGHTS
Nasonov E.L.1, 2
In December 2019, an outbreak of a novel infection under the working name 2019-nCoV was registered in
Wuhan (the Hubei Province located in China’s central region), which has quickly spread throughout almost the
entire world and become pandemic. The World Health Organization (WHO) proposed a new name coronavirus
disease (COVID-19) for this disease, whereas the International Committee on Virus Taxonomy renamed 2019nCov as SARS-Cov-2 (Severe Acute Respiratory Syndrome Coronavirus-2). The development of the COVID-19
pandemic is not only of great social importance, but also draws the attention of a medical community to the fundamentally new clinical and fundamental problems of the immunopathology of human diseases that are yet to be
formulated. The unique experience gained in rheumatology from studies of the pathogenetic mechanisms and
pharmacotherapy of immune-mediated inflammatory rheumatic diseases (IMIRDs) can be of great importance
for deciphering the nature of the pathological processes that underlie the severe, potentially fatal complications
of COVID-19, and may assist in improving their therapy. As for prospects in patients with IMIRDs, although the
development of COVID-19 in the presence of IMIRDs has not yet fortunately been described, infection with
SARS-CoV-2, like other viruses, can be assumed to cause an exacerbation of the pathological process, whereas
severe immune system pathology and comorbidities can worsen the course of infection. Since, according to the
current concepts, it is the «hyperimmune» response, and not just the effect only of the virus itself, that underlies
lung damage and deaths from COVID-19, special attention is drawn to the effects of antirheumatic therapy that
includes glucocorticoids, disease-modifying anti-rheumatic drugs (DMARDs), biological agents, and targeted
DMARDs, which can have a multidirectional effect on the course of COVID-19. There are significant theoretical prerequisites for the repurposing of some drugs widely used in rheumatology for the treatment of COVID-19
and its complications. Consideration is given to the prospects of studying the immunopathology of COVID-19
and to the theoretical justifications for the use of antimalarial 4-aminoquinolines, anti-cytokine monoclonal
antibodies (mAbs), and Janus kinase inhibitors for the prevention of complications and for the treatment of
COVID-19.
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Coronaviruses (Coronaviridae – CoV) – is
a family of large RNA viral genome, causing disease in humans and animals; the name coronavirus is derived from Latin Corona based on
characteristic appearance of the virus under electronic microscope reminding solar crown [1].
Four genera of coronaviruses have been
described: Alpha-, Beta-, Gamma-, and Deltacoronavirus. Humankind encountered two epidemic outbreaks caused by Beta-coronavirus
during last 20 years, the first was associated with
SARS-CoV virus (severe acute respiratory syndrome – SARS), causing atypical pneumonia
(2002 y) [2], the second – with MERS-CoV
virus, the pathogen responsible for Middle East
respiratory syndrome (2015 y) [3]. New outbreak
of infection caused by a novel virus under operating name 2019-nCoV was documented in
December 2019 in Wuhan (Hubei province in
the central region of China) [4]. The virus has
spread quickly to almost every country on Earth
giving rise to pandemic [5–8]. In February 2020
the World Health Organization (WHO) suggested
a new name – coronavirus disease – COVID-19
[5], while the International Committee on
Taxonomy of Viruses (ICTV) has renamed the
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2019-nCov as SARS-Cov-2 (severe acute respiratory syndrome coronavirus-2) [9].
The outbreak of COVID-19 pandemic
does not only raise significant social and economic implications for health services and medicine, but also indicates the emergence of essentially new clinical and fundamental problems in
immunopathology of human diseases, which are
yet to be formulated. However, it is already
obvious that the unique experience in pathogenetic mechanisms and pharmacotherapy of
immune-mediated inflammatory rheumatic
diseases (IMIRDs) accumulated in rheumatology, can be of great importance for interpretation of the nature of pathological processes
underlying all severe, and potentially fatal complications of COVID-19, and may contribute to
improving their therapy. As for IMIDs patients,
although fortunately not a single case of
COVID-19 infection has not yet been described
in them, it can be assumed that contraction of
SARS-CoV-2 (or any other virus) can provoke
an exacerbation of the pathological process
[10,11], while severe immune system disorders
and concurrent diseases can aggravate the
course of infection.
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In accordance with the current concept that the “hyperimmune” response, not only the SARS-CoV-2 itself, causes lethal
lung injury and death in COVID-19, the specific effects of
“antirheumatic” drugs, including, glucocorticoids (GCs), disease-modifying antirheumatic drugs (DMARDs), biologics, and
targeted DMARDs, are in the focus of attention. Moreover, there
are significant theoretical prerequisites for repurposing some of
them [13] for treatment of COVID-19 and its complications.
Relevant information on epidemiology, diagnostics, clinical manifestations and laboratory features of COVID-19, as well
as therapeutic approaches is presented in a series of original publications [14–19], numerous reviews [20–24], and is widely covered in the media. Therefore, it seems appropriate to briefly
consider practical approaches to COVID-19 prevention and
diagnosis essential for daily clinical practice of each rheumatologist, starting from doctor-patient interaction, but also to focus
on future COVID-19 clinical and scientific research.
Clinical manifestations
Airborne (with virus loaded droplets) and contact transmissions were confirmed for SARS-Cov-2; the incubation period lasts usually 2–5 days, being sometimes associated with
“common cold” symptoms. COVID-19 clinical presentation
varies from asymptomatic carrier status and up to development
of acute respiratory distress syndrome (ARDS) and multiple
organ dysfunction syndrome (MODS) (Table 1). Usually symptoms at the onset include fever (not in all patients), fatigue, chest
tightness, nasal congestion, sneezing, dry cough, shortness of
breath, sore throat, myalgia, chills, headache, diarrhea, and are
hard to distinguish from symptoms of other common respiratory infections. However, by the end of the first week some patients
develop severe complications, such as pneumonia, ARDS,
pathology of kidneys, gastrointestinal, heart, and central nervous system, that are sometimes lethal. Lung pathology in
COVID-19 is characterized by massive infiltration with
“immune" cells “[25,26]. ARDS as a rapidly progressive form of
respiratory failure is characterized by severe hypoxia, which
often requires intensive care, including mechanical ventilation
and extracorporeal membrane oxygenation (ECMO) [6,27,28].
Most severe cases occur in comorbid (or multi-morbid) elderly
people [29,30]. Data from meta-analysis of a large group of
patients with COVID-19 (p=46248) indicate that most severe
disease was associated with arterial hypertension (OR=2.36,
95% CI 1.146–3.83), diabetes mellitus, cardiovascular diseases
(OR=3.42, 95% CI 1.88–6.22), and respiratory system diseases
(OR=2.46, 95% DF 1.76–3.44). In general, the incidence rate
of fatal complications in hospitalized patients ranged from 3% to
11%, and the overall mortality rate reaches 3%. High incidence
of cardiometabolic [31,32] and pulmonary comorbidities
[33,34] should be emphasized specifically in IMRDs patients, as
in case of COVID-19 contraction their prognosis would be
inevitably worse, while severe course of any SARD itself makes
it difficult to diagnose the infection. Our data collected from 200
patients with rheumatoid arthritis (RA) (mean age 55 years)
within international CORRONA study (COnsortium of
Rheumatology Researchers Of North America) indicates that
arterial hypertension was present in 60%, and coronary heart
disease – in 21% of them [35].
Diagnosis
Differential diagnosis of COVID-19 includes other potential etiologies of respiratory disease, i.e., respiratory viruses
(influenza, parainfluenza, respiratory syncytial virus
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(RSV), adenovirus, and other coronaviruses),
Mycoplasma, Chlamydia, and bacterial infections, and such
differentiation is really difficult in the absence of specific for
COVID-19 clinical manifestations or lab parameters tested in
routine practice [36]. As there's currently no treatment specifically approved for COVID-19, early diagnosis of COVID-19
is essential for immediate isolation of the infected individual
in order to prevent further spread of infection. When COVID19 is suspected, presence of abovementioned non-specific
symptoms (however, many patients remain asymptomatic),
but, most importantly, patient's history indicating that the
patient or his/her contacts were visiting countries with
announced COVID-19 epidemic, should be taken into
account.
Laboratory abnormalities in COVID-19 are also nonspecific, but important for the assessment of patient's prognosis [37]. In “severe” cases requiring intensive care, as compared to patients who do not require hospitalization, there is a
more pronounced (1.5–3-fold) increase vs normal values of
the following parameters: leukocytes, neutrophils (accompanied by relative and absolute lymphopenia), alanine and
aspartate transaminases (ALT/AST), total bilirubin, creatinine, cardiac troponin D-dimer, and procalcitonin. It should
be emphasized, however, that increased concentration of procalcitonin indicates the presence of bacterial infection, not
the persistence of virus. Presumably, new sepsis-specific biomarkers in COVID-19 are important for early diagnosis of
concomitant bacterial infection and assessment of the risk of
death [38,39].
An association was found between lethality and altered
blood coagulation, including prolongation of prothrombin time,
increased concentrations of D-dimer and fibrin/fibrinogen
degradation products [40.41], as well as thrombocytopenia [42].
Importantly, disseminated intravascular coagulation syndrome
was documented in 2/3 of the deceased patients, but only in 6%
among the survivors [41]. Therefore, assessment of coagulation
parameters should be included in monitoring standards for
COVID-19 patients.
Specimens obtained from nasopharyngeal or oropharyngeal smears are used for real-time polymerase chain reaction
(PCR) in combination with reverse transcription PCR (RTPCR) to identify SARS-Cov-2 RNA and confirm the COVID19 infection. [43.44]. Specific challenges associated with collection and transportation of specimens, and varying PCR positivity (30–60%) at the onset of COVID-19 infection limits the use
of this test for early diagnosis of the disease [45]. It should be
mentioned that insufficient “sensitivity” (i.e. ”false negative”
results) makes impossible early diagnosis of COVID-19 infection on one hand, but quite possible – premature patient's discharge from the hospital on the other; while insufficient specificity (“false positive' results) leads to overdiagnosis, i.e. undesirable identification of several quite harmless seasonal coronaviruses causing only mild upper respiratory tract disease.
There is a growing evidence that high-resolution computed tomography (HRCT) can detect typical radiographic changes
in pulmonary tissue (such as “ground glass” opacity, multifocal
consolidation, and/or peripheral interstitial involvement) in
many patients with COVID-19 [46], including those with negative PCR tests [47–52]. Meanwhile, interpretation of HRCT
scans can become a real challenge in IMIRDs patients developing COVID-19 infection against underlying background lung
disease, as it was mentioned above, the majority of them have
such comorbidities.
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For rheumatologists it is especially important that manifestations associated with COVID-19 might mimicking typical
clinical and laboratory features of IMRSs, including arthralgia,
myalgia, lymphopenia, thrombocytopenia, acute interstitial
pneumonia/diffuse alveolar damage, myocarditis, impairment
of renal function, macrophage activation syndrome (MAS),
venous thrombosis, increased levels of acute phase proteins, and,
possibly antiphospholipid and antinucler antibodies.
Potential use of anti-inflammatory drugs
Since, as already noted, no specific antiviral drugs for
COVID-19 are available [53,54], patient management is based
on symptomatic and empirical antiviral therapy (its effectiveness
has not been proven), and use of intensive treatment, when necessary. At the same time, high mortality rates in COVID-19
patients due to severe lung injury and MODS turned attention to
specific role of immune mechanisms in the development of
coronavirus-associated complications [12,55], and potential
benefits of anti-inflammatory drugs in their prevention and
treatment. In current context these are primarily 4-aminoquinolines and GCs.
Just to remind, that chloroquine and hydroxychloroquine (4-aminoquinolines), synthetic derivatives of quinine,
have been used in clinical practice for more than 70 years, initially for treatment of malaria, and later – for a wide range of
SARDs [56]. 4-aminoquinolines of action at the molecular
level include local alteration of intracellular pH in phagocytic
cells, interference of lysosomal activity and autophagy with
destabilization of biomembranes, and modulation of several
signaling pathways' and activity of transcription factors. At the
cellular level, these drugs, due to a variety of insufficiently
studied mechanisms (including those listed above), inhibit the
function of “immune” cells: dendritic and antigen-presenting
cells (monocytes, macrophages, B cells). Specific immune
effects of 4-aminoquinolines are associated with downregulated expression of the class II MHC (major histocompatibility
complex) molecules, presentation of antigens, immune activation (downregulation of CD154 expression on the T-cell
membrane), synthesis of “pro-inflammatory” cytokines,
including interleukin (IL)1β, tumor necrosis factor (TNF)α,
interferon (IFN)γ, interference with signaling pathways
induced by toll-like receptors (TLR) 7 and TLR9, and finally,
inhibition of GMP-AMP synthase (cyclic GMP – AMP synthase-cGAS) activity. It's reasonable to remind that cGAS
stimulates the IFN gene (stimulator of interferon genes –
STING), while STING mediates type I IFN immune
response which plays a crucial role in development of IMRDs
[57]. Of notice is the demonstrated capability of 4-aminoquinoline drugs to suppress development of fungal and viral
infections, including a wide range of RNA-viruses, human
immunodeficiency virus, and SARS-CoV-1 alongside with
antimalarial and immunomodulatory effects [58–60].
Potential mechanisms of 4-aminoquinolines antiviral activity
are summarized in the review [59]. Available evidence substantiates the repurposing of 4-aminoquinoline drugs for the
prevention and treatment of COVID-19 [61–65], but there's
also preliminary data on 4-aminoquinolines effectiveness
already summarized in a systematic review of 6 studies that
can be taken into account [65]. It turned out that chloroquine
therapy leads to faster resolution of fever and improvement of
lung function (based on HRCT data), resulting in shorter
recovery period compared to the control group. The optimal
dosage regimen and duration of therapy are yet unknown, but
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most likely do not go beyond regimens generally accepted in
rheumatology, except very high starting dose of 4-aminoquinolines. Although 4-aminoquinolines' have very good safety profile, nevertheless potential adverse drug reactions
(ADRs) include nausea, vomiting, diarrhea, myopathy, cardiac arrhythmia and conduction disorders (especially QT
interval prolongation), and retinopathy. However, such ADRs
occur mainly after long-term (10–25 years) administration of
high doses (>5 mg/kg), or due to persistence of high cumulative dose of the drug (> 6000–1000 g) in patients with severely compromised renal function.
The relevance of glucocorticoids (GCs) use in COVID19 is not clear [28.66.67]. Rheumatology has accumulated
huge positive experience with GCs, especially in management of life-threatening complications in IMRDs patients
[68.69]. This is due to an extremely wide range of their antiinflammatory and immunomodulatory effects [70], although
potential ADRS, especially with long-term administration of
high doses, limits the clinical use of GCs [71]. It's worth
mentioning, that GCs block synthesis of a wide range of
“pro-inflammatory” mediators, responsible for most unfavorable prognosis in COVID-19 patients, as their increasing
concentration results in “cytokine storm “(see below) with
subsequent development of ARDS and sepsis [14]. Available
data from published meta-analyses and systematic reviews
indicate a favorable effect of short-term therapy with low-tomedium GCs doses on the course of septic shock and ARDS
with refractory hypoxemia, including those associated with
SARS-CoV and MERS-CoV [72–75]. At the same time,
there's also evidence that GCs use in MERS-CoV infection
does not improve mortality rates, but increases patients' viral
load, therefore slowing down MERS-CoV RNA clearance
[66,76], and moreover, GCs potentially increase mortality in
patients with influenza-associated pneumonia [67]. However,
it should be emphasized that viral load does not correlate with
increasing severity of illness [14,77], and that excessively high
GCs doses were used in most studies reporting negative
results. Currently, an RCT is being designed to evaluate the
effectiveness of short-term therapy with low / median GCs
doses in COVID-19 patients [78]. However, actual WHO
guidelines do not support standard use of GCs for ARDS
treatment in COVID-19 patients [79]
Potential development of “hyperimmune” response
resembling the “cytokine storm” is of special interest in the
context of COVID-19 immunopathology [80.81] (Table 2).
Secondary hemophagocytic lymphohistiocytosis (HLH) in
adults [82], macrophage activation syndrome (MAS) [83,84],
and cytokine release syndrome (CRS) following CAR-T-cell
(Chimeric Antigen Receptor T-Cell) therapy in cancer
patients [85] represent pathogenetic variants of this syndrome.
MAS should be mentioned as a well-known severe complication of IMRDs in children and adults, occurring in patients
with systemic juvenile idiopathic arthritis (SJIA), adult Still's
disease, as well as systemic lupus erythematosus (SLE),
spondyloarthritis, and others [80]. The main clinical and laboratory manifestations of these pathological conditions are
intermittent fever, cytopenia, hyperferritinemia, and lung
injury (including ARDS).
The pathogenetic basis of the syndrome involves hyperproduction of a wide range of “pro-inflammatory” cytokines
and chemokines that characterize activation of innate immunity, Th1 and Th17 types of immune response, namely: IL1,
IL2, IL6, Il7, IL8, Il9, IL10, IL12, Il17, IL18, granulocyte
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colony-stimulating factor (G-CSF), granulocyte-macrophage
colony-stimulating factor (GM-CSF), TNF, interferon (IFN)
γ induced protein 10, IFNα and IFNβ, monocyte chemoattractant protein (MCP-1/CCL2), macrophage inflammatory
protein (MIP) – 1α, chemokines (CCL1, CCL3, CCL5,
CXCL8, CXCL9, CXCL10, and others). It is noteworthy that
similar profile of cytokine and chemokine hyperproduction
was documented in severe COVID-19 cases associated with
unfavorable prognosis [14]. Increased counts of highly “pathogenic” CCR4+CCR6+Th17 cells in the peripheral blood of
COVID-19 patients confirm the activation of the TH17 type
of immune response [86.87]. Previously, biomarkers of the
TH17 type of immune response were found in MERS-CoV,
SARS-CoV. and influenza [88–90]. Other studies involving
severe SARS-CoV-2 infection associated with lung injury
demonstrated accumulation of “pathogenic” T cells in
peripheral blood synthesizing GM-CSF, which induces production of IL6 and other “pro-inflammatory” mediators via
activation of CD14+CD16+ “inflammatory” monocytes [91].
From clinical point of view increased concentrations of IL6,
as well as ferritin and D-dimer, (laboratory biomarkers of the
“cytokine storm”) correlate with the severity of COVID-19
infection and risk of death [92,93]. Therefore, the “cytokine
storm” should be considered as an important pathogenetic
component of life-threatening complications developed in
patients with COVID-19.
Provided evidence allows to discuss innovative
approaches to anti-inflammatory therapy of severe COVID19 infection, using both innovative drugs, and drugs (biologics agents) already widely used in IMRDs patients.
Documented improvement in survival after blocking “proinflammatory” IL1 cytokine with recombinant human interleukin 1 receptor antagonist (Anakinra) in patients with sepsis [94] and secondary HLH [95] developing “hyperinflammation” serves as sound substantiation. Suppression of IL6
[96–99] and IL1 [100] by monoclonal antibodies (mAbs) is
already considered as promising treatment of “cytokine
release” syndrome occurring after CAR-T-cell therapy.
Preliminary results are indicative of humanized mAb against
IL6 receptors Tocilizumab (TCZ) effectiveness in patients
with severe COVID-19 [101]. The study included 20 patients;
following a single TCZ infusion 15 patients reduced the need
for oxygen supplementation, resolved fever, normalized CRP
concentration, and lymphocyte counts. A randomized placebo-controlled trial (RCT) TACOS (Tocilizumab vs CRRT in
Management of Cytokine Release Syndrome in COVID-19;
clinicalTrials.govr: NCT04306705) was initiated in patients
with COVID-19-associated pneumonia and increased IL6
concentrations. Meanwhile preliminary recommendations
for TCZ therapy in patients with severe COVID-19 and suspected “cytokine storm” syndrome have been provided. The
main provisions of the document include the following: a
multidisciplinary approach based on consensus of experienced intensivists, hematologists, infectious diseases specialists and rheumatologists; evidence of developing “hyperinflammation” based on increasing concentrations of IL6, ferritin, and high HScore (reactive hemophagocytic syndrome
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diagnostic score) (http://saintantoine.aphp.fr/score) that
should be dynamically monitored; other infectious pathogens
should be ruled out as potential cause, except for SARSCoV2. The recommended weight-adjusted range of TCZ
doses include: 400 mg (in patients with body weight 50–60
kg), 600 mg (>60–85 kg) and 800 mg (weight > 85 kg).
Ferritin, fibrinogen, procalcitonin. CRP, and IL6 concentrations, platelet counts and AST/ALT levels should be monitored during treatment. The upcoming RCT (NCT02780583)
is planned to assess effectiveness of Anakinra in pediatric and
adult patients with “cytokine storm” syndrome. Beyond that,
effectiveness of IL18 blockade was reported in children with a
rare genetically determined autoinflammatory disease
(NLRC4-associated inflammasomopathy), known to be associated with the “cytokine storm” syndrome [102]. FDA has
already approved an anti-interferon γ mAb (anti-IFNγ mAB)
for treatment of primary familial HLH, while anti-IFNγ mAb
effectiveness in secondary HLH conditions is been evaluated
in ongoing RCTs [103].
Janus kinase inhibitors with extremely wide range of antiinflammatory activity are widely used for treatment of rheumatoid arthritis and other IMRDs [104,105] can also be considered
as a rational pharmacotherapeutic approach in COVID-19
patients. It's time to recall that viral entry into the host cell
occurs by receptor-mediated phagocytosis after initial SARSCov-2 attachment to angiotensin-converting enzyme (ACE) 2,
expressed as receptor on membranes of respiratory epithelial
cells, alveolar cells types I and II, kidneys, blood vessels, etc
[106]. AP2-associated protein kinase 1 (AAK1) from NAK
(Numb-associated family of protein kinases) family I is known
as a regulator of endocytosis. Therefore its' inhibition blocks
viral entry into the host cell, and intracellular mechanisms of
virus assembly [107]. Baricitinib (JAK 1 and JAK2 inhibitor)
binds the AAK1 and also binds the cyclin G-associated kinase,
another regulator of endocytosis [108]. This dual inhibition
capacity – of viral endocytosis and JAK-signaling of “proinflammatory” cytokines, coupled with favorable safety profile,
already supported by strong evidence from rheumatology practice, designate Baricitinib as a very promising drug for the prevention and treatment of COVID-19 complications [109].
Moreover, data on effective and successful use of JAK-inhibitor
Ruxolitinib in adult patients with secondary HFS look very
promising [110].
There's a strong hope that accumulated in rheumatology
unique knowledge on IMRDs immunopathology and pharmacotherapy will find relevant application and help to combat not
only the fear of the unknown, but also the real life-threatening
complications of COVID-19 infection posing a real challenge to
all humankind.
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